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Ae3r;iriOT 



Applicf^tion of tho results of m invostigstlon of 
propagation on a chargo-free helix, connuoto^l f t the 
Hosenrch Laboratory of Sleotronlcs et , has mf»de 

possible the conetruotion of travel ing*^YiVo ajspltflers 
that have a higher stable gain than any of the oarlier 
tubes constructed at that laboratory- The principal design 
chongee Include a reduction in the jaean diasieter of the 
helix and the use of a close-fitting glass ttibe for support- 
ing the helix- Jtoerous iaec)ianical difficulties, prlssrlly 
in connection with the alignment of tube parts, presented 
thosjselveg* ‘fhese were oTcrcoae well enough so that t'?fO 
tubes, having nearly the e$n»e performance, were finally 
built. 

Osoillogrmas of the gain versus beeua voltage charac- 
teristic were obtained. These differ frora similar oscillo- 
grame obtsined earlier in thnt they do not show the custo»«ry 
interference iijattern on either side of the principal gain 
pesX, fliey also show that an Inoreaao in the input power 
causes an increase In the voltf^g© of optijaum g^in. Hts 
curve of optimum voltage versus frequency is flat in the 
operating region, which Is between f?400 and SSOO ’laeg® cycles 
per second. 

Curves of output power vereua input power sho^ that 
the gain is nearly constant only for very low values of 
Input power, and that o&tur?Ulon limitB the nj^'xlfnuffi power 
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output to about ^0 stable galna of ir.bout 23 

^Ib over a bantSwidth of j.,isre than .1200 acgaoycles per eeoond 
were obtained* 

Measureiaents were made which iadic'^-te th«t there Is a 
change in phaeo shift of the output which 1® a linear func- 
tion of the beais voltage* Xncrsselng ihe beaju voltage by 
50 volts result® in a h radian deorcaso in the phase angle 
by which the output lags the input* Converting this change 
of phase shift to a change in the phase constant of the 
growing wove pj^vides ^ qualitative check on the theory* 

A noise figure of 2B db above XXb was aoagured. *rhls 
nolee figure is independent of the beais current which in- 
dicates that the nolee le probably ?iue principally to 
partition Fioicg^ sine© the percentage of beam current 
arriving at the collector is also nearly independent of 
the total boms current* The reoults of on attempt to im- 
prove the noise figure by mea.ne of positive feedback wer.f 
inconclusive and a more completo invoi^tlgation should be 
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OenerfeX Inf o rmation, 

’Xhe tr^>v^llng«wGVG mriplifier which offers poealolll ties 
of high gain over wide )>:^nidtvidtha at oici^wt'^ve f r'c-'iiienoiet 
is the '.ubjeot of a developrjental p-rograa oarrently active 
at the iiGsearch Laboi’atory of Cronies at This 

paper deals with the construction and perforisnnee of tubes 
which were built as a part of this program. Chf-pter X serves 
as an introduction and. describee the r«?latlonsh.li> of the 
particulrr tubes studied to the t?ntl.re prograia, Gh?)pter II 
deals with the techniques used ia constructing the tubas in- 
cluding the numerous diffleulti^s which were encountered, 
while measurensen ts of tube perfox'uianoe. Including interpreta- 
tion of these measurenJentc, are covered in Chapter III. 

Pinole Iheory. 

Xhe operation of a traveling-wave amplifier ?asy be 
conoldorod ae on extension of the principle of eper*; tlon of 
the cascade klystron. Consider a c»scade .lilystron in w .ich 
the number of resonant cavities is l*rge, and the drift 
apace between cavities ha.s been reduced to zero, so that the 
interaction ep^oe between the besjn i&nd the r-f fields 
existing in the cavities Is continuous, then if the proper 
coupling is provided between the cavities so th*' t Vi."-re Is 
a constant p’nase dtlay between the fields eKiatinr In any 
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one cftvlty and the fields existing in the precedin'^ cavity, 
it fieems reasonable that the electron be^wa passing through 
the interaction epsoe ’will be subjected to a continuoue 
bunching action^ and furthermore that there will be a con- 
tinuous interchange of energy between the beam and the fields. 
If the fields are giving up energy to the beam, the device ia 
e linear accelerator, whereas if the be«ia is giving up energy 
to the fields, it is a traveling- wave amplifier, 

Although the «3.bove analogy may be useful in bridging the 
gap betufsen klystrons and tra.veling-wsve tubes, a inorc direct 
statement of the ea^entlal elements of the principle of oper- 
ation is desirable, fhia principle was firet suggested by 
Kompfnar who pointed out that It is possible to achieve 
amplification by directing an electron beam along a wave- 
guiding system, provided that the following conditions ar© 
mot, 1, The systom must be capable of propagating a slow 
mode so that the ph&se velocity of propagation is nearly 
equal to the velocity of the beam. 2. The slow wave propa- 
gated by the system must have a component of electric field 
which Is colinear with the direction of motion of the V-em, 
since only by doing work against an opposing field can the 
beam electrons give up energy to the wave, Several analyse* 
have since been made both for specific gtiiding system* and 
for the general cas® of an unspecified guiding system, J^ost 
of the analysc*^'*^ have been made under th© assumption of 
smell algnsfls, i,e,, the change in the energy of any electron 
is but a small part of the Initial kinetic energy of the 
electron. It is further assumed that in the absence of an 
^ ^uperscrip is refer to dlbliogr' pny. 
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electron benm the eysteiii is c'''pRble of propa^ji^stinr' a cln^^le 
forward with s propa^^etion constant' ^hoso real part 1«3 

either negative ox* zero depending on '^nether the systers is 
sesuinect to be lossy or losslesc. Under those conditioas the 
presence of an electron oeaa of the pi'*opor velocity near the 
system causes the single forward wave to break up into three 
forwsrl waves and one reverse ’•■ave. the exact nature of the 
propagation conatrnts of these* four ”nve 8 depends on Vnether 
the system is ansumed to bs lossy or lossless. In general, 
the reverac wave and two of the for^^nrd <«fave® are ch-’^racter- 
Ized by propagation constants having negative real parts, «o 
that these waves are attenuated with difttonce along the aystes. 
On the other hnnd, the prop^?g«ition oonQtmnt of the third 
foi''mrd wave hj^.s a positive real pr*rt, so th#t this wave 
grows in amplitude as it propagates along the s/fitea, ’diven 
those conditions it la only necessary to provide suitr.ble 
mesns for introducing a signal onto the guiding system, and 
for removing the amplified wrve from the syeteis, in order to 
cone tract a traveling- wave amplifier. 

ii^yperiisental -Uata Previously r>eported . 

A number of traveling-v^sve smpllfiorfl have been built 
end their perforjnance reported by vi^rlous investig-> tors* 
fhase tubos mpy be classified according ‘to the power l:?vel 
and the noEjina.l frecuency ^t which they operate, in general 
all of thera are ch^^.r^c terized by bt ndwldths and rather 

noise figures* i'he tubas with which this pnc»'^r ie 
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concerned are designed to operate at an output power level 
of several »illlwacts t^nd at a frenuoncy of about $000 
fsegpoycles pex’ second. A suifimary of the peri'ormf-nce of 
cojaparcbl© tubes, as reported by other investigators, Is 
tebulafted below. This tsbls may be used to Integrate the 
results reported herein with the general developsjental 
3>icture of tubes opera titng rt the a bove-mentioned po'^var 
level and frequency. 
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The tubes reported on by Sohrelter wex*8 developed under 
the Bfttte program asj the tubas reported on in this paper, 
PctallD of the changes in design which were wftde to in- 
crease the stable gain are given on pa^e 13 below, 

f*rincir)gl Design Fe atureg. 

Ihe design of the tubes whose performance is reported 
in this paper la patterned, after » design first oublished 

9 

by Pierce and Field , which hag become ’■'» more or less con- 
vexitlon??! dealf^ for traveling-'^eve eunolif ierr. /s shown 
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INCLUDING EXTERNAL CONNECTIONS 



In Fissure 1 the guiding jayst-t'^a consists of b slngl® ’.?ire 
hsllx. Over the main portion of the helix Its pitch is held 
as nesrly oonstsnt a.s possible* the emia, the helix 

pitch is gradually incres'Sed to fora a &>!jOOth transition 
beUveon the helix proper and its extreme encls* fhe extreme 
ends, which are pulled, out fairly straight, are welde.! to 
ffiatehing slug®. An electron gun is provided at the input 
end of the tube to supply *n electron beajs which Is shot 
througii the inside of the helix along Its longitudlnsl axis* 
Ideally the entire beam should traverse the iFhole length of 
the helix and b© collected on the collector provided at the 
output end of the tube* Actually this situation was not 
achieved, a m^stter about which more will be said later* As 
shown in i*’igure 1, the tube is Inserted into a set of input 
and output waveguide sections* The tapered-pltch portion 
of the helix enhances excitation of the desired slow ?aode, 
while the slugs make it possible to achieve a fair match 
between the waveguide and the helix. A choke is provided 
on the side of the w^veguiac away from the helix to reduce 
the undeaired racliv^tlon into free space* A short section 
of the helix is surrounded by a lossy iiv. terlal in order to 
reduce the tendency of the -tube to oeolllnte as n result of 
internal feedback caused by multiple reflections between 
the output r^nd the input. 

There ^re tvro mx^or rllffercnoes in design between these 
tube® and the preceding tubes of this program whose perform- 
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anc8 is sumai'iied on psge lo "i>ove. 



On^ of the»<3 differ- 



ences concerns the njea*n dlQK»eter of the helix which w. s 
reduced from {^bout 0«125 inches to about O.O 65 inches, file 
other difference concerns the configurj^tlon of the dielectric 
ms-toriixl necessary to sup^jort the helix, since the helix 
does not have enough mechanlcf‘1 strength to suppoi’t itself. 

In the enrlier tubss this dielectric material in the fora 
of four ceramic rods equally spaced around the outside of the 
helix. In these tubes, support for the helix is pi’ovided by 
a cloffic-fi glass tube vhloh surrounds the helix. The 
reasons for lasking these changes involve considers* t ions of 
gain, staoility, and facility of construction. 

The earlier tubes not only exhibited rather low gain 

but y^tsTe ?3l30 unstable, rhis insti?*blllty asalfeat^rd itself 

in the form of uncontrollable o sell la t Iona which feppeared in 

spite of the presence of lossy raatoriaX ?-hich had been pl»o«d 

along tlie helix for the express purpose of preventing such 

oscillations. It appeared that the oscillation wsvelengths 

were somewh&.t greater than the signal wAvelengtli, How in 

order to have oscillations at any particular wavelength there 

lauBt Do gain nt that 'f'avelsngth, ^^ccordlng to the theory, 

gain can be realized only when the beism velocity is very 

nearly eoual to the phase velocity of the wave with the besm 

ebgsxnt. This I'casoning led to an investigation of the effect 

of dielectric supports on the phs^so velocity of r. -w- 

10 

propagating along c helix . The results of thi® investiga- 
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tion are suia./jariEed here to explain the reasons for 
the design chuhgea mentioned above, 

t^igure 2 Bhovs» cui*ves of ph.T se velocit/ os a function 
of frequency for various dielectric supports. fhie operat- 
ing point of the earlier tuo«s cori’esponded I’oughly to 
point i of curve o. Ulci-rly when the boms velocity w’ag 
adjusted to produce gain at the frequency corresponding to 
point 1, the tube should also exfiibit gain at the sor»®what 
lo'^yer frequency corresponding to point 2, fhc question 
then arisen whether gain and oscillations ax»e equally 
pro£>».ble at both points 1 anu 2. Figure }, which eho^s 
our*V8s of the theoretical j^ln per unit length 8s a func- 
tion of frequency, indlc^^tos that the g^ln at point 2 of 
curve d, Figure 2, should be somewhat greater than tha gain 
at point 1 of the same curve, Xn the case of ocoillationfi 
it should be recalled that oscillations require some sort of 
feedback. It ig therefore necessary to examine whether this 
feedback is also squally pro be bl a at point® 1 and 2, 
guide Junctions adjusted for a fair at the fr@vquency 

of point 1 will surely exhibit a bad mis*a&tch «t the fre- 
quency of point 2, ^'i'ifch the result that the magnitude of 
the reflection coefficients the waveguide junctions will 
be nearly equal to ona. Finally the attenuation of the 
reflected wave will bo less at the frequency of point 2 be- 
cause it i« generally true that attenuation in any »uch 
systes) incra»GC« with increasing frsouancy. all them fac- 
tors, conaidered jointly, ffiight well f.ervc to explain why 
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PROPAGATION ON A CHARGE - FREE HELIX 
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the e/irller tiabes osclllirttad at w.ivelengths; sof^e’^aat longer 
th«n that of the signal. 

Assuming that the above explAnAtion la « 3 « 8 entially 
correct, two prooodures suggest themselves, each of which 
should result in increased stability, fhe first of th*^se 
is to support the helix in such a way that the tllepersive 
character of r* helix in free space Is retained. Curve 0 
of Figure 2 indicates th.«t this can be neconplished if the 
helix Is sup.borted by n thin aielectrlc shell. At $000 
megacycles per second it is Impreotical to uf«e a thin shell 
bocouee the relaitlve well thlohneee of glass tubing inorc'^ses 
rspldly with decreJ^slng bore, Fi^fpare 4 showg that for e 
thick dielectric sh^ll the phase velocity curve In the fre- 
ouency region of interert becomf*s flat, r situation which 
i© Just a© bad »s, if not wor&e the.n, the dip in the phaee 
velocity curve of s helix supported by rods, see curve 3, 
Figure 2, The second procedui’e is to resolve the question 
of helix support on the grounds of x'oollity of construction 
while reducing the helix dieiaeter so as to Increase the gain 
per unit length in ficeordance with Fi^: 5 i 2 re 3* Under this 
scheme the roaxiaum gain should occur at frecuencioa which 
the waveguide Junctions aro fairly well mfjtched. •since some 
grain should occur at frer.uencieG outside the bandwidth of 
the Junctions, this scheme recuiras that some lossy mii^teri#! 
be Ineerted along the helix to counCerf»ct the I'eln ft ths^e 
oub-of- bandwidth frenuenciee, '*nd make the tube stable. The 
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net result of this procedure ohould be an inor^:c«-30 in the 
st«ble positive gain thet oould ba The tubes re«« 

ported on herein '^ere constructed In nceordence with this 
second procedure. 

A third desif^n chanj^e from the former tubes consisted 
of Incre^iaing the number of helix turns p«r Inch correspond- 
ing to the <*ecre^«ne in helix diameter. This ^ps dona so the 
tubas ^'oulti operate at approxlisately the acoslarnting 

voltage as the former tuber., l^everaX other minor Mechanical 
changes were necescnry as e result of the principal ch« 
©numaratecl above, Details of the actual construction, in- 
cluding the numerous diffioultiae encountarod, 5.re given in 
the next chapter. 
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Mecbau\ic / :^1 4^ro bless* 

A lM‘ge number of mechAnicfsl problems were encoum-eredl 
In the construction of tubs^a which exiiibited eaiough positive 
fr'aln to make jaensurefaente of their perforarmce worthwhile. 

In spite of e>perience ,.;aiaed with ar.rlier tubes, the first 
six tubes conatnicted in series were all failures, fhe 

mechr.nicsl problems were ag^gravsted by the reduction In th® 
helix dlamater since this required thet all parts booose 
correepondingly carmller, fhe alignment problem was made 
worse by the omission of the dielectric rods, which had. 
served to align the tube cbiaponents in e-arlior tuoes. Con- 
siderable progress was made in the solution of these problems 
but additional refinements in construction teclinlque arc 
still needed. Specific items whiclt require more attention 
are discussed in Chapter IV. 

illgetron Cun, 

fhe electron gun used in these tubes is of the i'ierce 

type In order to expedite construction of th*» tuh’s It 

war, decided to uae an existing giin d««?ign, even though tno 

gun itself not been tested tally »> t th'^ tlite 

construction work '“as started, Iho gun •’'as designed by 

i. fe. bally closely following the techniqu^^s e’nployod by 
12 

L. -A. Harris' In designing the tpm ur,ed in the c.-, rll^r 
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tuae® of this 

fills { 5 un was to *^ive p l'i*' of tho^le current 

at 1500 volt!!* As a re«ult of the eei'llor i^^ork, it ex- 
pected thet about of thl?. current ^ould feotunlly leave 
the ^AAo fhe first gun tested gave 2 mn of ca.thoue cuz’rent 
ot 2000 volts of »'hioh only 0,4 nia left tiv3 gun, fhls poor 
performance '^'as ettributed to the f^xot th».t the hole In the 
anode 'srds too smiill. This hole enl^.r^ed fro.'a 0.033 
inches to O. 07 O inches and on the next test 2000 volts the 
gun gave 2*0 raa of c«-thode ourrent, of vfhloh 0.2 m- left the 
gun. This indicated thfst something was drrstlcf'lly strong with 
the gun eo another cIiccK. m.h mede on the design. It 
discovered, thrt in ar. chining the cathode electj'ode on p, pro- 
file cutter, no allowance had been medo for the finite n'dius 
of the cutting tool. Thus, fill though the center of the tool 
followed the desired profile, the phape of the finished dec- 
trod© WPP. considerably in atrror, A new plot of th® contour 
to be followc*,! by the profile cutter was made, with due allow- 
ance for the radius of the tool. The loext test showed « 
cathode current of 3»6 at 1300 volts of which 1.6 'Rr left 
the gun, The next modlflc.^tion attempted, in oi'der to l^-^provs 
gun performance, was the repln cement of the previous heater 
by a non-inductivo type hof’tcr. This was done to prevent the 
heater isegnetlc field fro)^ interfering with the gun action, 
'^^hen tested at 210Q volts th« gun then drew 6.0 of or t /lode 
ours'ent of which 3-»3 left the gun. C#tho.r*> oum-ent fell 
to an umissbly low v«alue i f ter this tubs h®d been operated 
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only & short time* rhla /^tcrihutod to liriprop-^r c^ctlva- 
tlon of tha cathodo «lth the nev? non-lnduotlve hef^.ter, siaoe 
the cathode so enclosed that the oinlttlng surface could 
not be seen during activation, end there 'was no ^'oy of know- 
ing when the proper actlv.?tlon tampers ture had been reached. 
The fjun '^as again modified by di'illing holes in the CEsthode 
electrode, and by enlarging the existing holes In the gun 
sleeve. These holes served a twofold purpose by permitting 
direct viewing of the eaitting surface during activation, 
and by permitting faster pumping of the inside of the gun. 

The latter feature was of lirjpo 2 't.anca because there was reason 
to believe that the small puj?splng channels originally pro- 
vided wore resulting in a certain amount of eelf-poisoning 
of the cathode during activation, /vfter this final modifi- 
cation the gun drew 5*t? of cvthode current at 2000 volts 
of which ijm left the gun. Although this was still 
considerably poorer performance than had been anticipated, 
the current available frci3 the gun was slow adequate for the 
problea at hand. 

Helix. 

The helix waa formed by winding slx-isil tungsten wire 
onto a smooth pi^ 3 oe of 0 . 0 ^?? Inch drill rod. The winding 
was perfornsed by turning the rod In a lathe and feeding the 
wire onto the rod by means of a special jig fa 9 toned to the 
lathe carriage. The wire was kept under about hO jxiundg 
tension during the winding. Im.*.etli€> tely r<fter winding, while 
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the wire wsr» atill under tension, the ends -virore securely 
clasped* ‘Hi® helix end rod were then fired nt edout 75^^ ^ 
for about *3 slnutes in an f^tTao sphere of hydrogen, ^bout 
half of the helices became so brittle that they broke very 
easily and could not be removed froia the rode* bven after 
the others had been reraovad from the 2 ^ds there was still 
the problem of pulling out the enas to form the trsnsltlon 
section between the matching slug and the main portion of 
the helix* Xt was found that a hotter procedure w»b to forss 
the transition section before the helix was fired, and this 
method was finally used* The first helicoa wer«s wound at 
64 turns per inch with the result that interaction took 
place at beam voltages of 1200 to 1300 volts* Tnls was 
later changed to 46 turns per inch so that interaction would 
take place between ISOO and 1900 volts, 'K-'hioh corresponded 
to a better rang® of operation for the gun. ^fter the helix 
had been prepared, it wag inserted Into a glass tube which 
WHS to serve as Its support in the finished tube, nnd the 
assembly was examined under a toolmaker’s microscope for 
uniformity of pitch* Xf this exe?fjing:tion revealed that the 
helix pitch wa# uniform to t 1*4,^ the helix ready for 
insertion In ^he tube. 

bj elec trie Shell . 

The dielectric shell used to support the helix consists 
simply of e glsss tube which is centered in th<» -envelope by 
spacers. In the first few tub^s no intentional loss s 
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to r^2duce tho tan^enoy af tho tube*® to oscllL^ta. 



'>'ince 



osclll.'ition* did oocur it ^9s nec<?as^.ry 



to >Mit in so«ia add«d 



lose, '^iie lns<srtlon loss 
ms^'»sur<5'i as Xb db. 



of a hoi lx with Its jmstchin^ clui<e 
Intin^' r bout one Inch of the outs.1 









of the glaa« s^'jcll ‘.'?lth Aouadag^ sed this ihsfi’rtion loss 

to 2J db, Xnorcsiiiins the lengt'>. of this painted section h*^d 



no further effect on 



the Insscrtlon loss. 



«ince this ainntint 



of loaa did not ap;>ear to be adeniiate, a section or.e-half Inch 
long of the inside of the s^ell pr.int-id v?ith Aquade^r which 
increased the Insertion loss to 5i3 db, 'Hiie pointing wfas ac- 
compli ahad by squirting ths Aquadng In side the cthell ‘rri);h S‘ 
long eyedropper, and then trashing i.wsy th't) oxcess by clipping 
the shell v^rtioully into a beakor of w^tsr. ^Jone of the 
tubas treated in this manner showed any eignd: of oscillating. 



B»F Coupling^ . 

'fhere are » m^aber of requirements on the 0rx'anger«^>ents 
used to couple r-f power into and out of the tubs. They 
should be aiispls enough eo that the tubs can be Inserted into 
or rciKOved from an r-f line at will. Ihey should be broad- 
b?^nd in order that the tube be bro^^dband, and also In order 
to rjilnimlze the reflections which c”use OGClll5?tionei. Chey 
should excite^ principally the required slop’s' mode of propa.. 5 a- 
tion on the helix, and a minimum of the fast nodes ••hich the 
helix is also cr-pa »le of su’pportlng. Trieir ri*di *tion into 
Kpac© should he a winlmum so th.'^t 'iviing-*'’^*ye ««*• ^uwo.ientfi 
in the inout or output lino •*'111 he » true Iniic lion or the 
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miount of coupllrzg. Finally, nny additional involr^id 

in providing tho coupling should b(s hold In place rigidly 
enough zo that they are unabl® to nov« ».bout and tltus upset 
the unifomlty of the helix pitch* 

The coupling us'ad in these tubes is patterned r.ftsp «5s,n 
arrangarsent first ur^cd the Telephone t<ab<^r?itories^« 

Gonalderable tine and effort devoted to an attesipt to 
design the slugs so that the assenbly of slug??, helix, and 
inner glass would form a rigid structure* 'fha y.<^rlous 

types of slngrj triad are shown in Figure 5- these {^) 
wa» discf^^rded because of the difficulty of cutting th« slot 
In the glass tube tl\rough which the helix wire wi?^ to be led 
in order to ^'eld the to the slug* The type shown in 

(b) yme discbrdod becaiise the helix was too brittle to 

be fomed into the cdiarp bend at the point tyh«jrc the wire w&s 
to bs -y; elded to the slug* ‘fhe on© ehovn in (c) discarded 
because It proved to be rather rvirrow band ano also too sen- 
sitive to the ^x>sition of the tube in the waveguide section* 
After thlij aeries of attoiapts the requirement that the dugs 
and the inner glass tube fon« a rigid s<sssisbly was fabaadoned, 
mid it was decided to design in such « manner that the gun 
and the coll ector assenjbly would push agi'dJist the slugs and 
thus hold theis In place. 

All ths r»e&sure®entfl of the Taatching properties of the 
slugs mj»ntionad v er© raade by simply plotting tV V:/Ci 

tt eoveJ’ol frequencies as a function of the rlug position, 
'c-hich was C'-refully measured by wemia cf a ciept;h gauge* fhls 
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VARIOUS METHODS PROPOSED for OBTAINING MECHANICAL 
RIGIDITY between MATCHING SLUG and INNER GLASS TUBE 



Figure 5 
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aethod proved to V‘?ry tedious and the results \ver& not at 
all consistent* A much quicker method of cheoKlnfs the match- 
ing qualities of a slug was then dsvlaed ussing the set-up 
shown in Figiire 6* Hera a frequency njodulftted signal wag 
introduced into a magic tee* One t\rm of the te® wag tarjninated 
In a flat Imid^ another ana was termimited with th® wavegijilda 
section in which the slug under tost was placed, and the re- 
ja&lning sma was terminated in e crystal holder. TJie outout 
from the crystal wa* placed on the vertical deflection ^nXates 
of a cathode ray oscilloscope* Ihe horisontal sweep was 
driven by the came voltage used to produce the frequency 
nodulated signal. In this way the slug could be ouickly placed 
In the position which gave the mlnimuns vertical deflection on 
th® oscilloscope, and the effect of siiall ohssngea in slug 
position could be quickly detei'minod. 

the flret slug tested in this jcanner and used in the 
first few tubes is shown in Figure 7 (a). This seeised to 
have good frequency and posit ion el charaoterijstics but ims 
eventually dleosrded for the following reasons. In the first 
place, It could not be made in on® piece but Imd to be made 
in two pieces. fh« two pieces could not bo welded together 
so an attempt wsse made to imrd solder them. Since the slug 
itself was mftde of stainless steel and the post wag »«dc of 
tungsten, it was first necessary to put a light nickel plate 
on tlie two pieces in order to do th<» h>9rd soldarinir, 'fhis 
entire procedure "'?as so cltunsy t}iat it was aosn^toned and 
another method wa* tried ’^ilch Involved using a. center punch 
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Oscilloscope Phose Shifter 
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Tungsten Rod 
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Punch ^ Tungsten Rod 




(b) 

ROD TYPE SLUG 



Figure 7 



t(0 roi*C€f lili© sid.0 of til© olu^' Oil tlio post ®0 slio^ti in 

Figiire 7 (b)* this too ab.-ndoneri bsosus® tbe punch 
isarXs doforncd th© aid© of th© slu<5 so tlvit It wrs no 
longer & good fit in the envolopa. Xn the accond place, 
this type slug alao poor electricaX3,y. An understanding 
of this defect reauires first that an explanation be nMvde 
of the ohokc which Is provided to reduce radiation into 
space. S shows how this choke is foiled. Xt con- 

sists of i 2 i, quartcJ'-wave section of coestial line terjslnated 
in an open circuit. Tlie coaxial lino is i3s.<ie up of the slug 
Bu Bn inner conductor, a ring soldered on the waveguide as 
an outer conductor, and, the tub# eiivelope as a glass dielec- 
tric. 'fhe ohoko i^otion is that tha open circuit at point A, 
Figure Bj is reflected back as a short circuit at point 1 





WAVEGUIDE JUNCTION SHOWING CHOKE 



Figure 8 
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«o the s^ctts though the hoX« in it a £(ide 

were not present, f^onsldert. tionc of mclianical strength 
nede it necess?5ry th^t the diaaseter of the envelope be so 
large thst the eoaxlal line foriacd by the slug and the ring 
was capable of ting not only the but also 

the non-eyi®9ctry of the slug with its poet 

on one side excited the wave in the choke to s oon"- 

eiderable extent. As a result tha ehoking action was so 
poor that the ?nowor ri?.dlated Into space ^as only fbout 5«!^ 4b 
below the power incident on the jurtctlon. This meant that 
with the slug edju«tj®u for s goo<^ metch It was no in lies t Ion 
that all the incident power wss actually being transmitted 
onto the helix, 

riie type of ®lug thc«t finally ofiopted Is? shown in 
Figure 9* 'Hth this type the rediatod. power Its shout 20 db 
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FINAL SLUG DESIGN 



Figure 9 
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below the Incident on fche junction end the junction 

oxlilbita a ronsom>hly i^ood ms.tch less than g,^ between 

3*1 and CIS.)* The m:^tch reaXlaeable this slug 1« 

not too senaittve to th€ position cf the tube* Finally, a 
elug of this typo la ne.chlnafole In one piece, and there is 
no necessity for any clumsy brazini^ operation or any deforc- 
ing punsliing opj^r^tion. 

AHveXope and i^ligniaent. 

The oai salon of the dielectric rods v/hich }u\d served to 
align the components of the previous tfjbes it neoeascry 

tluit the alignment be pj*oyided by Uic anv^opo itcelf* The 
procision of alignment necessary to direct a beam of elootrK>n« 
through * helix S*7p inches long and having an inside dias^eter 
of 0.0>$ inches required that tiia tube part® b® constructed 
with quite amiill toleranccfi* In fnot, the problem wrs not 
fully appreciated ct f.lrst but bcsame appr^rent as experience 
wag gained in the oonstmotion of the tube®, bven then, in 
spits of using the gres;tej*t cars in keeping the tolerances 
ae small na possible, only a fair amount of rsuccees w'" s ob- 
tained, in that at bast oiily ffb»3ut of the current leaving 
the gun arrived »t the collector* 

A }>asio difficulty encountered in saklng the envelopes 
was the non-uni foiwity of the eo?}.'rierclally available glass 
tubing* This was aggravated by the necessity for providing 
sufficient clearance between gl»t«a and astal parte to allow 
for CKpanslon of the m®ta.l durinii the **b»ke-out’* £tnd during 
opc2*f5i tlon» Tne first envelope design used is shown in 
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METHODS USED for ALIGNING 
ELECTRON GUN m ENVELOPE 



Figure 10 




Flgiire 10 (a). Hera tho snout on th'j gun, projecting into 
the section of tho f-nvolope, o od to hoX*.i tho 

gun in tile proioor o.llgn;jj«nt. first tubo of this-' type 

had too oloce fit oet>-^eon th^ gun enout f<ni tii** gl-rs* •'Ith 
tno rasulv timt tho tube i^ri^oh-ed f.t thf* ring during 

®b?i.ke-out:‘*, ‘mother tube built v'ith onouji^ cla*-r- 

for e^spansion, tne gun out oV 11ns ahI frsic to 

wobble, -* s a result of th^-s gun’ being out of 31ne *=?o?t of 
the current flowed to the sluig inate^d of proorellnj l0H*n 
the hnli%<» ! a a result of the gun ft'obble, the cf- thode 
al though properly i^elded to the c>- tho te, eiJar^lj pulled out 
R portion of tho cathod® r«4ll o^usind r-n open circuit In the 
tubs* lk)th of thceo problens ’j^ere sol'a^ed by changing the 
envelops to ths design shown In irlgure 10 (b). Here thg 
envelope wif^g dimpled onto a special hf'rd carbon Jig with the 
dimples placed so th»^.t nrlnclp^al support for tho gun t^\n 
located nmr the rear portion of tho gun, Tn '^ii« manner 
it was possiiblc to achieve alignment nnl still provi:© 

the olaarance necas9*-ry to allow for cKp«.nclon, 

jy'oouging, 

longltudlnel sjAgnctic fisld, supplied by a long 
solenoid into which the tube was inKorted, served to keep 
the beam fi*om <liverging due to apace charge forces within 
th© beam. This arrangement is conventions! fox* traveling- 
wave tubea, d^fperlenoe shoved, however, thet the field of 
thl* long solenoid did not extend closely enough to tile 
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Travel! ns- V/ave Tube Includins V/aveguide Junctions and Focusing Coils 




go tJwt t'aore appr til div&rgffnee of the 
@ven D^foro it paeaecl thi'our^ the fix^at slu?> To ov.-jrco^e 
this it rteccas?‘T'j to provide an additional Ions rlr'ht 
In front of the gun, as srtown in .l^igure 11^ Vhla Imn pre- 
vented the beam from diverging tnlUally, Mt a.t the asm® 
time the field from the lens extended into ths gun «nd upset 
the electro? tatio focusing of the oes-m ini3ldc the gun» rhe 
best result F? ‘^ere obtained by making the face of the lena 
near the gun of a Kognetlo ?eat^jrial, £,tool, while the otnei’’ 
face we a tmde of o.rass« 'Shi a rra-igenient provided a con- 
tinuity of wr^.gnutle rif-Ja between the lens and the main 
solenoid, and the 4<>ine o-»^i^lc,sci t»he gun iiro>^s th$ 

sst^ietio field, «fith this oorabln^^tion It possioie to 
coil«ct aoDUt 1*5 current on the coXlectcr out of » 

total of S*5 leaving Vm gun. 
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Gcriftral Information . 

toti.^1 of t‘lght tubes wer<^ built In this series. 
liKited amount of data was obtained froia tube h up to the 
time it bscajae unusable duo to an open circuit at the cathode. 
HoqZ of the '«jjeasurcr8ent8 were feiad® on tube 7» although enough 
date v/era obtained on tube ?5 to indlo*‘ te good correeponueace 
between these t-^o, /■^ll the others ^-*er*3 coJBplete failures. 

Effect of Vol tage on <-jra:ln. 

ilt » fixed frequency the gain versus beam voltage cher- 
ecterigtic is readily obtained, A 60 cycle voltage Is used 
to sweep the bema voltjage about the point of maximum gain, 
and also to provide the horizontal sweep of n. cathode r,ay 
oscilloscope, by a.jplylng the rectified, output of the tube 
to the vertical deflection plates, the gain versus voltage 
oharwctcristto may be viewed directly on the oscilloscope. 

The oscillograms shown in Fl^';u.re 12 were obtained in 
this manner. The curves of figure 12 (n) apply to tube 7 
of this scries. Here curve A was obtained at an input power 
of about one microwatt, while curve d was obtained at an 
Input power of .about 23 raw. For both these oui^vec the 
zontal sweep represents a 600 volt change In beam voltage, 
ihe vertical fickle wafe not calibrated, but It wn® ncces">ary 
to introduce about }Q db loss ahead of the crystal la order 
to reduce curve J to approxlra^ tely the same height as curve A 
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on the oscilloscope, Co-awrison of those curven tndiCRtes 
that the voltafj© of optirauns iproln ia about volts hi,Yner »t 
the hl»?her lerel of input power. Although it is not shonrn 
in Figure 12, it was noted during the course of th«»5e raeas- 
urefnent® that there is no ai;}p'reclable chajige in the voltage 
of optimum rai’i until the Input porter exceeds about 5 

There is a significant difference bet’K'een the lo*v?-Ievel 
characteristic of tube 7> curve A F'ifpjtre lb (a), rnd the 
corresponding charaetcrletics obsarved b.y other investigators. 
This dlffcr-’mce la aDj^rrent by cosinsrison with Figure 12 (b), 
Thich applies to one of the earlier tubes of this program. 
Notice the wiggles on cither siu.© of the principal geln p?^-k 
of this curve. These predicted by the sisaXl- 

signsl theory aa the result of interference bet-wcen the three 
forv^srd waves which can exist in the presence of an electron 
beam* 'fheoi’atiool rain vs« voltage oh^ir? ot^riatics cho^'ing 
this interference effect have been plotted , Ihis affect has 
inv©ri«.bly been present in the ch?<r^ ctertstlca of other tubes, 
even inclu'ilng the ahort**ltvcd tube 4 of this series. The 
wiggles are not present, however, In the tube 7 chAracterintlc 
nor In the tube characteristic, which la not shown. This 
must toe due to the nature end location of the lossy section 
built Into tubes 7 and since the 'K'jrincipal difrsrfisrice 
between them and tube 4 Is fch«^t the latter did not have any 
lossy section, The absence of aa interference pax-tern cannot 
be explained simply oy the f#».ct that » loeay section in- 
cluded in tubes 7 tub® which yielded Figure 1'^ (b) 
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also had a loesy section, but it was of a different form, 
There the lossy raaterial was }'alnted on the four cer^imlo 
rods used to subvert the helix, and th® loss ws.a therefore 
discontinuous around the helix periphery. In tubes 7 
$ the loss is continuous around the helix periphery. Fur- 
thermore, in the e latter tubes the lossy eoction is sone- 
^hat nearer the Input end, ’srhereas In the e?»rller tube it 
wsa locf' ted midway alont^ the helix. One or both of thene 
differences munt be responsible either for a sore complete 
Attenuation of the non^gro'rv'lnfi: '^'ayer*, or for a deoi’eeeed 
excitation of thorn in the portion of th® helix following 
the loss. 

turn now to the curve of optimum beam voltage as a 
function of frequency for low-level operation. According 
to the theory, this curve should be of the gatnc fors og the 
curve of phase velocity vereiis trenuenc^f see Figures 2 xnd 
►5“, avaiifbie oscillator cov'$re a bandwidth of about 

1200 megncycles per second, ?iiich is only fax>ut of the 
nominal operating frocuency, Measurements were made which 
Indicate that the beam voltage versus frequency curve 
flat over the operating X’ange of frequencies covered oy the 
oscillator. Ibis is ohown in Figure 13, which also show* 
the ci’fect of helix pitch on optimum beam voltage. In the 
case of tube 4, wJxlch did not have any lossy section, some 
additional pointo wore obtained by measuring the oscillation 
'avelength. T}aere is good correspondence between th^ form 
Of tlie curve 6 of Figure 13 <i*in thOi>o of Figures 2 and 4, 
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Figure 13 

OPTIMUM BEAM VOLTAGE os o FUNCTION of FREQUENCY 



J^ower Output Gain at a Fixed Fre/'^ency^ 

Tlie set-up used for these JseR.eiirecsents i® show 

schematically In figure and photographically in Figure 
Ij?* i^o'^er from the osotllstor is fed into a mglc tee where 
it divides ci^uolly between tw of the arms. One of these 
arnt« is connected to a th«r;alBtO'r mount at point Figure 
1^1- , while the other is connected to the input of the travel- 
Ing-wave sraplifier, A slotted eection is erisential on the 
amplifier side of the tee to adjust the rnntch at the wve- 
guide Junction, the output of the apipllfier is connected 
to a second thermistor mount at point B, Fl^^re Gfeli- 

brated attenuators, placed in front of each thermistor mount 
permit operating each mount, 's^ith its assooiated bridge, in 
the range of best accuracy. Before any moagureraents were 
made t.he amplifier was replaced by the eeoond then??ietor 
mount and raeasurements were made to verify that the same 
amount of power was actually coming out of each arm of the 
tee. Ilie set-up was thon reassembled and raessurements made 
by simply varying the power entering the magic tee, and 
reading the Input and output directly on the bridges* 
file results are shown in the curves of Figure 16 . 
Actually, the gain is nerrly constant for Input power levels 
of about 100 microwatts or less, but the gJ^in falls off 
quite rapidly as the tube becomes saturated. A highly satu- 
rated region is finally ref^ched where an increase in the 
input power causes a decreeea in the output power. Note 
that the beam voltage was isaint; ined at the optimum value 
for low-level gain throughout these mes^sux'emBnts. This is 
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SET-UP for MEASURING GAIN ond OUTPUT POWER vs. INPUT POWER 
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Set-up for Measuring Gain and Power Using Two Thermistors 
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In accordance i«rlth the conditions ^hlch i^ould prevail if 
the tube were to be used as a low-level anplifler. It wes 
pointed out in the preceding section that the voltage of 
optliaurfl gain does not chajige appreciably until the input 
power exceeds about 5 ^‘Ote that the Eaximuni power out- 
put corresponds to an input power of about 2,5 There- 

fore, w© are Justified in comparing the measured waxlmum 
power output v?ith the theoretical maxiiauci power output which 
is calculated below, 

Since there are many factors that ore not known, and 

since the theory is only approximate, our calculation can 

hardly be more than a good guess, '"e expect, ho-rever, that 

our comparison will show correspondence at least as to order 

of magnitude. This conputatlon Is in accordance with the 

2 

procedure outlined by Pierce » '?e start with the known con- 

ditions of tubs operotion which are, in Pierce’s notation, 

*= IS50 volts, 

Iq » 2,0 m». (this is a coapx’omlse value arrived at from 
the measured values of helix current *= 1.0 raa and 
collector current * 1,5 ma), 

* 5.63 X 10^^ rad. /sec., 

?Q =* X 10^ rad, /meter, and 

a »= 0,032 Inches. 

We aasurae that the helix is lossless, and that the tube is 
operated at synchi^onoue velocity. 
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SCHEMATIC of SET-UP for MEASURING PHASE SHIFT 
of OUTPUT for SMALL CHANsf • m ACCELERATING 
VOLTAGE 

Figure /r 
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Set-up for Measuring Phase Shift 

Figure 21 
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absolute voltage level may tie 10 or inore volte in error. 

With the mechanical position of all parts, inclu<jiing attenu- 
ator settings, held fixed, the electrical length of all the 
elements except the anplifier, is constant for any one fre- 
quency. Any shift in the location of the minima must 
therefore be due to s chnnpje in the electrical length of 
the amplifier. Dince the mechanlcnl length of the amplifier 
is also a constant this change iti phase shift can be in- 



terpreted as a change in the phase constant of the amplified 
vfc.ve, A sample calculation of change in phase shift for a 
given shift of minimum is ,, riven belo-v. . ino.-^M-.or.tal 

plVCG if t vo-^c-uc incr‘0--c*'rbrl voi:/ ;o Iz In 

risur-o 3. 
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Wave whose phase 
is t'? function of 
beam voltage. 




blotted tjoction 



vave w]iose phase 
Is independent of 
beajR voltage 
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Let wave traveling to left be 
M rt right 
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phase constant in the slotted section, and 
phase angle by which wave B lags wave A. 
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Assume that the attenuators have been set so that ** B, 
Choose coordinates so that the sura of the waves is zero at 
= 0 for all values of time. 



Then 



and 



0 



( 2n-^l ) ^ 



( 1 ) 



{?.) 



For a change in the phase shift /i0, the Dinimuia 'iflll shift 
by ixTi amount z so the sum of the waves raay be written as 

= 0. (3) 

^ 2ra*J'l (4) 



Therefore 



Subtracting (2) from (4) gives 

2{m-n) "ff~ ( 5 ) 

or ^ 0 = ^ 2im^n)f^ 

For ^ 0 ^ fTt ra*n, and^0* 

Ve now apply this result to solve for ^ 0 correspond- 
ing to a typical observed velue of z. For the dominant wave 
in a rectangular waveguide f ille 1 ■^“’ith air 




^ ■'lie re 



LP 
s ^ 

^ = wavelength In free sx-ce, and 
b *= wide dimension of the wjivegulde. 

The known conditions of operation for a typical case are 

Z « 0.29 CT 3 , 



b =s 0,9 inches, and 
A * 3*130 cm. 
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ihere fore A 0 

radiena. 







riiere is no adonuatn theory for ths c^-je of a. loaey 

hellje so '^e cannot nrke ?- nuantitative check oet^ef=>n the 

observed and computed values can aake a quali- 

A Vo 

tativa chock by proceeding r*. i follows. From the ob^erv'tions 
It Is known that ^ 0. Thar; fore, einee we have chosen 

/ *iut^0 raay be ^"^ritcen as ^ 0 

rrhere ^ 

^ J& ^ = incremental phf oe conGt.snt o f the growing 
vave In the tube, and 
z% ~ l^tiQth of the tube. 






Since ^ ^0 which agrees ^raali tativsly with the 

theory for a lossless helix^^* 

Attempts to measure change in phase shift fs e function 
of incut power level were rather unsuccessful, iiharp ralnima 
could not be obtained at all power* levels for the same set- 
tings on the variable attenn'tora. Any changes in these 
ottenuatora also Introduce phn.e shift of an unknown amount. 
In CQdltion to this, «'hen p reflex klystron is operated near 
its niaxlmuiB power output, any siaall change in the power out- 
put causes c change in the frequency. Due to the rather long 

i 

electrical length of the amplifier and the 'waveguide, any 
change In frequency will upset neaaureraents of change in 
phase shift by this method completely. The neager data that 
were obtained indicated that the change in phase shift ee a 
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function of bais*i voltf^ge Is rather independent of ^yO-^er level 
and for ^ cons^fiant voltrge, tiie oh^rv^e la piv ,>e 

shift i s a function of pov/er level is quite ainall. 



r^oiee Fij^ure. 

iioise figure »ec surements 'Tere ias.de uslnjj the tet-up 
ehown sohesBatically in end photographic»«lly In 

Figure 25 * ^’*1® output fro?s the tube is fed Into r conven- 

tional superhetero'lyne rndnr reosiver employing a ory^te.1 
mizer« ‘ihe output of the r^^ceivrr Iz fed Into « type A/d 
oscilloscope. A type l46 generator is used to 

furnish a seriee of frenuenoy ‘^odulf ted pul see, 'Jli** gorir-r- 
ator Includee e therraictor br.ldf.t5. ?’nd calibrated tors 

so that the peak por»?er in the pulse can be set ocourately. 

'fhe procedure is to turn up the receiver grin until nbont 
one-half inch of noise a.?.«ars on the oscilloscope. Then the 



signal generator Is set so th^^t the pulse is just discernible 
In the noise, 'rhic corr(»£,onb8 to an output «lgnal-to-noi!?e 
ratio of one. The signal power aeoec^sary to produce thio 
condition is noted and the noi.. e figur-?* for the antir<^ system 

is sKnply th® ratio 

A 1 .*J} * 



£ * Joul&a per degree JJ-bsolute, 

r a Absolute teaipernture of ?ystei3 V. ken 
as *'^nd 



J « i'-ffeotive ojabwidth of the *ysl-5:» 



which in tlvi<5 o* is t:*iken '•.« 2xlQ , 



the effective j'^niwldth of the receiver. 
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SET-UP for MEASURING NOISE FIGURE 
Connection Detween amplifier ond receiver is shown solid 
for basic set-up and dashed for set-up os modified to 
provide feed bock 
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Set-up for Measuring Noise Figure 





Since the dial of the generr-tor £'^‘- -is in (ih below a 



milliwatt it i6 convenient to convert to 110,S ^ib below 
8 lallliwatt. Ihe noiee in db for th<» fijotfs Is then 

found by merely subtracting the from 110, S, 

The formula for finding the nolsj© fij|U2*'5 ifi of the first of 

a series of elements in case-tide, vhon the overall noise 

»***; 

1 }| *'^***X ^ 

figure Is js;nown, is'*' « i' - (-h — ) 



•inhere f » Maine flj^jure of ^sritlre sysr-em, 

Fo ** Hclee figure of entire? sye;t"-*;s '”ith the first 



element oialtt®d, rnd 
0^ « i^O'^^er t?®i^ the flr.'st elc'uent, 

Since the tubs oeing eornii-^cred hr s a of over 10, 

clenrly the noise figure of the tube in jiiTiply tho nol^e 
figure of the entire system of which th?? tube Ic the first 
element. 



Figure shows the noi<»« f.l«?ure for verlour v^^lues of 
total bea/n current* For these fCi^a ^urem?=-nt5 the to tRl beam 
current varied by .iuttiOf? r r.^g^tlve vol i-n.ge on the 
cathode electrode. The oota^.^ncnts of tne totFl noise gener- 
ated in the tu'De arc shot nol$e ana partition noi o. *.-hot 
noise depends on the sev-* ^*nitude o-’’ the current, ■i.rhile 

partition noise deoonde on the i.ercentefv^ of the boarn cur- 
rent fretting through to the collector* It o /,-e^re th«.t the 
principal noise source in thi?^ tube is the partition noise 
since the percenta^^e of beam current i, siting, through to the 
collector is nearly indepen-lcnt of the ffl«.r;r'.it>ide of tho bcwia 
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NOISE FIGURE ond GAIN os c F JNCTICN of 
TOTAL CURRENT LEAVING GUN 

For cM points totol current divided approximately 

33% tc helix 
65% to ccllector 
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Isssts, vhicli -jrere by no exlieustiva, '**'ire d.e of 

o flche’sa for iJiipro’/lng 6ho noin« fi^4,^lr•g by tha use of posl- 
tlv(» foedbr.ck, the brglc set«uj;) for nac curing noi??* figure 
w*' p modified sho’y.n oy the t'd,hr'd llnca of ri;;ure 2<1-* The 
procedure here is to rdjisrt zn>'^ thifter In tha fend** 

botck line to uxb to mcr.i'Uite tl"u «4..vn^.l, ihis> slioul't gtv® 
Inerees^!,! pO'-j^^.r a\it^ '••nei'C’^s tlr5 noise, 'rhich is 

completely raaido®, should bo un..- f footed oy «:ny phsis'e shift 
introviuced In the f 0 edh-»c^c line. it is expected tbr^t the 
net result would be &.n l;-*proveii4€o'.t in the noise ri/::ura, the 
results ootjsined. were ne.'^etive* Xt ’v/ s pos^loie to maximize 
the signal using posltiv^i* feedb^ ck, out undnr the ?o condi- 
tions tlie noiss^ fi:i:ure th« . for rto focdbi^ck, c5y 
;*djustlng the yhf-se shifter fox* nK*.^<»tx»"o fe-^atjrck it ‘•as 
posaible to iay^:e tlxe lioiv# somewhat -^OTLse ta»ii for 

no feedbi-ck. b’mier cenuitions the ph«s6 anifter did 

exhibit an efi'ect on the iioisu ithich Is contrary to expecta- 
tions, Wo expl«u£^ felon of tills efreot can be given i-.t this 



tirse. 
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Y«rlf lc« tlon o f th^ Theory, 

<wiir ■■ lan mm 1 1 w i * ■■»■«■>>> • .■Oi W Wwwg 

Th^s brsic problem under if.ken ’»as to ressllJ^.e an incr«*’5^je 
In stable gain over that exhibited by the e rlier tubes of 
the program, that this '*as accomplished in two -stmller 
tubes provide® additional veriflc'- tion of the theory, 
Indicate® inox’eased unber.*-tam\irig of thi? f rotors which pri- 
marily control st&.biltty» The kp!-« sureuieAfcs of the 

effect of beam volt..>*ge on the ^h«.ac velocity of the gro-win^ 
wave serve a qu£.lit«tive chock on one p? rtlcul/ r aspect 
of the theory® Although thl.!. effect h^d been noted e#^rller, 
there is no prior record of c<^*refaX mea sarcasm tr of this 
effect extant in the lit^rKtur$» fhe theory, eg now under- 
etoodl, applies prln^arily to email-signal operation® ilia 
effect of higher level open-tion on optisrara be-'s.'^s volt>ge 
and the seturstlon effect, which wer^j noted, are predicted 
by the pretent inadequate largo-sl&nsl theory, the 

present sfa<» 11- signal theory is Ifu^^dequ- te in thit it does 
not predict the nature, maount, f^nd location of the inten- 
tional loss. Introduced to suppress osctllrtion, for 
optitaum perfom'^.noe, The decision to u?.o ooncentrated 
loss, both Inalde and outside the dieiactrie ?hell, and 
located somewhat nearer the Input end of the h««llx, 
b*sed on qualitative thinking and on unpuPllehei informa- 
tion obtained from the (i^en«»r*l Electric Company . ihora is 
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no rtsis^mn to believe the optlKium loas confifcur lotion 

w.«s used. Xt is clear thj?l this loss ■*r?'tn^€?»»€at is 
euj^erior to that used in the earlier tub-?*.- since the os- 
cillations ^ere ccnpletcl^’ eui^presnoda 

Lira! tj;. tions, 

'Xhe principal li®itr< tlong of these tubes for lov/- level 
operA tlon are the hi^^h noijte figure »"nd the bulk of the 
auxiliary item^. such ?•« focucing ooils and pO”'er supplies. 
The letter is not serious but is ifhirely c> of en- 
gineering design, dual hor ^^eriou« th#? fortaer in not 

be known until thf» design in perfected to the point that 
shot noise ^nd partition noi*e /s*rs rt an irreducible?* Kiinl- 
siuni. 

£u>:ge?tion8 for future ^tudy, 

A oongert®d offo:*t should oe w\do to perfect the el«=»o- 
tron gun design, t)-ie should not be considered .^lone,f 
but the gun t'^nd the he^^iz focusing outside th•'^ gun .should on 
Irei^tjd B 9 a cofspoaite problem, ah inp.rovrd gun <■ Ad focus- 
ing combination sliould aid irjeterlally in reducing t)ia pi r- 
tltion noise, 

Irapirovo^nvsnts arc posslbH* iu the oealtfn of the r-f 
cou .'lli'tg b«t«'«en the helix iZiui tU® «>xtisrnB.l oircuits, 
.specifically, th6<?« couplimje should oe isadc «ore broad- 
band, They should he dcsi(j;;n®d so that th© tuba can be 
rcfc?oved or inserted at rill, but in such a w^-rmer tl^at upon 
ini^ertlon of the tube* the coupling >?111 Do pofltlvcly end 
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securely ect&blishe'i* Vh^ design cshoulcl be such that 
redt»tlon Into space is ne-srly enue.l to 2*ero. 

Further of the effect of positive feed- 

bsclc should b« nade to eptabllsh the saa.iKii5!Uin .vtacla gain 
that can be attained, and th« effect on bandwidth# The 
tncoispletf? d.a.t.a thi^t vtHTe obtained In connection *lth the 
effect of feedback on noiae Inuici^' t>?di th it und^r certvain 
conditions there a in the noise cs r result 

of che.nge« in the phr^- shift of the fe«dd*ck line, 3^1g 
'9fOuld not be expected of ncise th«t i% con|il#?tely rj-'OcIcm. 
Csreful Investigation of thip mcj reveal so.iae 

useful infolds tion as to th,e noia.e toioj'ces in tU-i; tu;.e* 

^ study c*hould be 'aade of the j-os&iolli ti^j, of rodu- 
letlng a trave^^in^-'^ave rmplif icr, fhe uftefuln-?«*.s of phs^ 
modulation, tj?hich ig possible by var/iri;;^ th^ tfoltage 

ehould be investig^ tod. As a v-iriytion of tnis the aispll 
fier Slight ba converted to a siable oaolllator by the use 
of controlled feedbf^ck, und an inveetigP.tlon ^;de of the 
effect of bears volWige on the frenuency of oscillation. 
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